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Abstract 
A quantitative risk assessment method of casing collapse resistance and internal pressure resistance is established in 
accordance with the theory of structural reliability and random theory, in terms of geometrical parameters, 
mechanical property and external load randomness of casing and on the basis of the analysis on shortcomings of 
safety coefficient and assessment methods for conventional casing design. Using Monte-Carlo random sampling 
method, a probability of casing failure with different pressure and a relationship between safety coefficient and 
probability of casing failure have been obtained by simulating a random distribution regularity of casing strength. 
Studies show that quantitative risk assessment methods could be adopted to perform quantitative assessment on 
casing safety and reliability. Casings of different types and under the effect of different external loads have similar 
safety coefficient and different probabilities of failure. Failure probability assessment index calculated with random 
theory may provide bases for the selection of conventional safety coefficient and casing design and assessment with 
uncertain external loads. 
© 2011 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of [name organizer] 
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1.Introduction 
Conventional casing strength is designed and assessed with safety coefficient method [1,2] by 
comparing estimated maximum pressure with minimum casing capacity to obtain a safety coefficient of 
reliability which, however, is not a method with factors of uncertainty considered. In fact, external loads 
and casing strength are uncertain, e.g. due to limited manufacturing techniques and technical inspection, 
casing external load, internal pressure, bending moment, temperature and overload are uncertain. 
Similarly, different casing manufacturers have different manufacturing techniques and technical standards, 
therefore, their casings have random mass parameters, such as yield strength, outside diameter, wall 
thickness, out-of-roundness, unevenness, residual stress. Conventional design cannot handle large 
numbers of unknown factors and parameter changes since factors of uncertainty are unavoidable. For this 
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reason, QRA and LRFD [3, 4] on the reliability assessment of casing strength were presented in the 
middle of 1990’s in other countries and successfully utilized by BP and Armco. Risk reliability 
assessment is one of the methods for handling factors of uncertainty in drilling engineering of other 
countries [5]. There have been few studies conducted in terms of reliability assessment of casing for 
domestic oil wells. In reference [6], a fault tree quantitative assessment method is used to predict the 
reliable service life of casing, but has not been widely utilized in actual operations due to plenty of basic 
matters and factors involved. In reference [7], with the basis of API calculation formula of casing strength, 
casing strength distribution regularity and effects of randomness of casing geometric dimensions and 
tubular mechanical properties on randomness of casing strength are analyzed using the method of Latin 
Hypercube random simulation based on Monte-Carlo method, but the influence of factors of uncertainty, 
including casing out-of-roundness, unevenness and residual stress on the prediction result is not taken into 
consideration.
The investigation shows an importance of the selection of strength model and consideration of factors 
of uncertainty to predict probability index for safety and reliability assessment of casing. This study has 
established a method of safety and reliability assessment on casing collapse resistance and internal pressure 
resistance on the basis of the newly developed calculation model of casing strength and in accordance with 
reliability theory and random theory. 
2.Establishment of Assessment Methods on Casing Safety and Reliability 
Structural reliability theory [8] generally names casing capacity, adaptability and service life as casing 
performance. Normally, basic variables to describe state of casing function are random variables. Casing 
reliability may be described as the probability of casing in a reliable state, i.e. probability of reliability, as 
formulated below: 
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Wherein, Rix  is casing strength related variable, such as casing yield strength, OD, wall thickness, 
out-of-roundness, unevenness, residual stress, etc. Six  is load variable, such as external load, internal 
pressure, bending moment, temperature, overload. Thus, multiple random variables can be solved with 
binary random variables. Fig. 1 shows curves of casing strength and load probability density function. In 
the figure, shaded area is overlaying part of two curves, called as interference region. In the interference 
region, casing failure occurs. The smaller area of the interference region is, the higher reliability is; 
otherwise, the reliability is low. According to stress-strength interference theory, quantitative calculation 
of casing reliability could be conducted by calculating probability of interference region. Since R and S
are assumed independent, two independent random variable distribution functions of )(RfR  and 
)(SfS  and density function of Z can be utilized to calculate casing reliability  
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Fig.1 The interference between casing strength and external loading 
3.Probability Distribution of Casing Strength and External Loads 
3.1.Probability Distribution of Casing Collapse Resistance 
Through comparison among different calculation models, Klever-Tomano collapse resistance model 
has relatively high prediction accuracy [10, 11]; therefore, it is selected as the collapse resistance 
distribution function of tempering casing. 
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Wherein, 
Ep  is elastic collapse pressure limited of ideal circular tube in MPa. 
E is elastic modulus in MPa. 
cX  is Poisson’s ratio with non-dimension. 
Jp  is yield pressure limit of ideal circular tube in MPa. 
YV  is yield strength of casing material in MPa. 
D is casing outside diameter in mm. 
tH is overall influence coefficient of casing defects. 
ov is out-of-roundness of casing.  
ec is unevenness of wall thickness. 
t is average casing wall thickness in mm. 
rs is casing residual stress in MPa. 
nh  is shape coefficient of stress-strain curves, and its value is set as 0.017 for tempering casing. 
3.2.Probability Distribution of Casing Internal Pressure Resistance 
Through the comparative analysis Klever-Stewart’scasing plastic failure internal pressure resistance 
model has relatively high prediction accuracy [10, 12]; therefore, it is selected as casing internal pressure 
resistance probability distribution function. 
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Wherein, 
iRP  is casing internal pressure resistance in MPa. 
uf  is casing tensile yield strength in MPa. 
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ak  is coefficient of internal pressure resistance, and set as 1.0 for tempering and 13Cr casing, 2.0 for 
rotary calibrating casing and unknown casing. 
Na  is casing defect depth in mm, generally set as the lower limit of defect detection system, i.e. 5% of 
casing wall thickness. 
n is stress-strain hardening factor of casing material which is determined by actual test curve of casing 
material or calculated by formula n=0.1693-1.18×10-4
YV , dimensionless. 
D is casing outside diameter in mm. 
mint  is minimum casing wall thickness in mm. 
3.3.Casing External Loads Probability Distribution 
During the process of drilling and exploitation, casing external load is closely related to formation 
and operation pressure. Currently, data of formation pressure is mainly obtained through earthquake, 
logging, coring, etc. Generally, casing external load complies with normal distribution regularity [13-15]. 
Today, appropriate coefficient of variation is mainly selected based on pressure inspection technique and 
technical level. Specific calculation method of casing external load probability distribution has not been 
available so far. It is proved in practice that casing external load is mainly related with formation pore 
pressure and load of overburden. This study is to utilize formation data to calculate probability of 
formation pore pressure and load of overburden, and then based on the results; the probability distribution 
of casing internal pressure and external load will be calculated. 
4.Examples of Casing Safety and Reliability Assessment 
Based on the previously established casing safety and reliability assessment and probability 
distribution function, Monte-Carlo simulation method is utilized to analyze the collapse resistance and 
internal pressure resistance of API P110 and N80 casing with OD being 339.7mm and WT being 
12.19mm. After one million times of random sampling calculation by computer, collapse resistance and 
internal pressure resistance of the casing are in normal distribution, as shown in Fig.2 and Fig.3. 
Fig.2 Collapse resistance probability distribution of API P110 casing 
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Fig.3 Internal pressure resistance probability distribution of API P110 casing 
Based on API casing strength calculation formula, the collapse resistance and internal pressure 
resistance of P110 casing are respectively 16.1 MPa and 47.6 MPa. In order to compare with conventional 
safety coefficient design, casing external load is assumed to be a constant. Fig.4 and Fig.5 show the 
collapsing and internal bursting failure probability of casing under the effect of different external loads. For 
P110 casing, when external pressure is 16.1 MPa, casing collapsing failure probability is 1.51×10-3, i.e. 
collapsing may occur in about 15 of 10,000 wells. When internal pressure is 47.6 MPa, casing bursting 
failure probability is 5×10-6; at this moment, both bursting safety coefficient and collapsing safety 
coefficient are 1, indicating that the conventional safety coefficient design is safer and more reliable. 
However, when casing external pressure and internal pressure are respectively 16.43 MPa and 48.57 MPa, 
casing collapsing and internal bursting failure probability are respectively 3.18×10-3 and 4.54×10-4; at this 
moment, casing of this grade is still of high safety and reliability, while collapsing and bursting safety 
coefficient are 0.98. Does this coefficient show any casing damage? Therefore, conventional design is hard 
to assess the casing safety and reliability. Instead, a safety and reliability assessment method established on 
the basis of random theory may perform quantitative assessment on casing safety and reliability. Increasing 
casing external loads may increase casing collapsing and internal bursting failure probabilities which, 
however, change in different regularities. Fig.7 shows the relationship between conventional safety 
coefficient and failure probability. It can be obtained that casing collapsing and bursting failure 
probabilities are different when collapsing and bursting safety coefficients are the same, for example, when 
safety coefficient is 0.877, collapsing failure probability and bursting failure probability are respectively 
0.082 and 1, that means, casings with the same safety coefficient have different safety and reliability. 
Based on the previously established safety and reliability assessment method, casings of different types and 
under the effect of different external loads have different corresponding relationships between failure 
probability and safety coefficient. Failure probability assessment index calculated with random theory may 
provide a basis for the selection of conventional safety coefficient. 
Fig.5 Casing failure probability under different external pressure 
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Fig.6 Casing failure probability under different internal pressure 
Fig.7 The relationship between casing failure probability and safety coefficient 
5.Conclusions 
(1) In conventional casing strength assessment method by safety coefficient, all parameters are set as 
constants determined randomly and subjectively based on experience without analysis on random changes 
of strength and external loads and theoretical analysis on safety coefficient. Conventional design method 
is defective to perform quantitative assessment on casing safety and reliability according to the safety 
coefficient.
(2) In the assessment on safety and reliability of casing collapse resistance and internal pressure 
resistance established on the basis of casing mass parameters and regularities of probability distribution, 
Monte-Carlo random sampling method could be adopted to obtain casing failure probability under the 
effect of different external loads and the corresponding relationship between safety coefficient and casing 
failure probability by simulating a random distribution regularity of casing strength. It can perform 
quantitative assessment on casing safety and reliability. 
 (3) For casings of different types and under the effect of different external loads, different 
corresponding relationships exist between failure probability and safety coefficient. Same safety coefficient 
does not mean same casing safety and reliability. Failure probability assessment index calculated with 
random theory may provide a basis for the selection of conventional safety coefficient.  
Acknowledgment 
This work was supported by the Major State Basic Research Development Program of China (973 
Program) (No. 2010CB226706) and the Fundamental Research Funds for the Central Universities. 
 Hualin Liao et al. /  Energy Procedia  17 ( 2012 )  429 – 435 435
References 
[1] API Bulletin 5C3. Bulletin on formulas and calculations of casing, tubing, drill pipe and line properties [S]. 6th edition. 
API Production Department ,1994 
[2] China State Bureau of Petroleum and Chemical Industries. SY/ T5322-2000 Design method of casing string strength [S]. 
Beijing: Machinery Industry Press, 2001˄in Chinese˅.    
[3] Adams, A.J. QRA for Casing/Tubing Design[C]. 1995 Seminar of Norwegian HPHT Program, Stavanger, January⧐SPE 
48325, 1998. 
[4] Lewis, D.B.Load and Resistance Factor Design for Oil Country Tubular Goods[C]. Paper OTC 7936, Presented at the 
1995 Offshore Technology Conference, Houston, 1–4 May. 
[5] J.C.Cunha, B.Demirdal, P.Gui.Use of quantitative risk analysis for uncertainty quantification on drilling operation 
review and lessons learned [R].SPE 94980, 2005   
[6] Wang Guorong, Liu Qingyou, He Xia. Casing reliability life prediction [J]. Natural Gas Industry, 2002, 22(5):53-55˄in
Chinese˅.
[7] Yan Xiangzhen, Gao J inwei, Yang Xiujuan. Analysis of API formulas and calculation of casing strength based on 
reliability theory [J]. ACTA PETROL SINICA., 2007, 28(1):122-126 (In Chinese) 
[8] He Shuiqing,Wang Shan. Structure reliability analysis and design. Bejing: Defence Industry Press,1993 (In Chinese) 
[9] Wang Jiandong,Shi Jiaoqi, Lin Kai,et al. An approach on reliability evaluation of casing collapse strength [J]. 
Technology Supervision in Petroleum Industry, 2005, (11), 36-38 (In Chinese) 
[10] ISO/TR 10400˖Petroleum and natural gas industries-equations and calculations for the properties of casing, tubing, drill 
pipe and line pipe used as casing or tubing[S]. 2007.12 
[11] F.J.Klever, T.Tamano. A new OCTG strengths equation for collapse under combined loads [C]. Proc. SPE Annual 
Technical Conference and Exhibition, Houston, TX, Sept., and SPE Drilling & Completion, Sept., 2006. 
[12] F.J.Klever. Formulas for rupture, necking and wrinkling for OCTG under combined loads [R]. SPE 102585,2006 
[13] Adams A J,Parfitt S H L ,Reeves T B ,et al. Casing system risk analysis using structural reliability [R]. SPE/ IADC 
25693, 1993:169-178. 
[14] Q.J.Liang. Application of quantitative risk analysis to pore pressure and fracture gradient prediction [R]. SPE 77354, 
2002 
[15]  Daniel Moos, Pavel Peska, Chris Ward. Quantitative risk assessment applied to pore pressure prediction [P]. WO 
2006/096772, World Intellectual Property Organization, 14 Sept., 2006 
